ABSTRACT
INTRODUCTION
The need for percutaneous transvenous lead extraction has been increasingly required in direct relationship to the increased numbers of Cardiovascular Implantable Electronic Devices (CIED) and is expected to continue to grow.
Unfortunately the components of the CIED, the leads and pulse generators, do not function perpetually. As the population and the CIED ages, components of the system need to be extracted for a variety of reasons including infection, lead malfunction, venous stenosis and occlusion, as well as safety alerts. Perceptions of lead extraction safety and effectiveness and the outcomes of patients undergoing transvenous lead extraction have been based on early, relatively small trials, and a voluntary reporting of outcomes in a multicenter extraction registry (1) (2) (3) . Historically the perceived risk of extraction has limited the referral and performance of this procedure to patients with life-threatening situations (Class 1 indications). Growing physician experience and the development of newer tools have impacted the outcomes of transvenous lead extraction and thereby indications.
The goal of this study was to determine the contemporary safety and efficacy of excimer laser assisted lead extraction, in a large series of consecutive patients presenting to 13 centers. In addition, the indications for extraction, outcomes and risk factors for complications and mortality were determined.
Methods
Consecutive patients who underwent laser assisted lead extraction (LALE) utilizing the CVX-300® (Spectranetics, Colorado Springs, CO) and the SLS II Data was collected at 13 sites in the US and Canada. A pre-study, self-reported questionnaire, to determine lead extraction caseloads over the previous four year period, and practice type (academic vs. private practice) was utilized to ensure a wide range of settings and experience. Centers were divided into 3 groups (small ≤60 cases, mid >60 and ≤130 and large >130 cases). The protocol was reviewed and approved by the institutional review board of each center.
Definitions published in 2000 in the North American Society of Pacing and
Electrophysiology (NASPE, now the Heart Rhythm Society, HRS) guidance document on transvenous lead extraction were used to calculate the safety and effectiveness of the extraction procedure and the rates of procedural (radiographic) and clinical success and complications (4) .
Indications for lead extraction were classified as 1) pocket infection, 2) device related endocarditis (DRE), 3) pain, 4) venous stenosis or occlusion, 5) functional but abandoned or 6) non functional leads.
Pocket infection was defined as erythema with or without purulent discharge, device erosion, fat necrosis, and/or adherence of device to the skin, which may be accompanied by pain. All other infections in the presence of a CIED were considered device related endocarditis (DRE). This included all persistent bacteremia or sepsis in the absence of another identifiable source or vegetations on the leads or valves in the presence of a device. Pain was defined as a lead extraction done to relieve pain associated with the device and leads without suspected infection. Extraction for non functional lead status was defined as being related to a mechanical lead failure established on the basis of clinically significant alterations in pacing, sensing, lead impedance, or inappropriate tachycardia therapies.
Leads may be extracted when upgrading one system to another such a pacemaker to an ICD or a pacemaker/ICD to a cardiac resynchronization device when ispilateral venous occlusion or stenosis is encountered. In addition, concern regarding possible interference with another device, treatment of malignancy or causing another medical condition were indications for extraction. Potential future venous occlusion and infection due to superfluous abandoned leads were also reasons for extraction of the functional lead. If venous stenosis or occlusion was present, then the extraction indication was so designated, but if the concern was for abandoning leads then the indication was designated a "functional abandoned lead."
LASER EXTRACTION
Laser sheaths were employed in all cases when the leads could not be explanted by simple traction. The extraction procedure has been described in detail previously (3) .
In brief the lead was prepared by inserting a locking stylet into the inner coil lumen when possible. A suture is then tied onto the insulation and the locking stylet. The laser sheath was then advanced over the lead. Laser application was performed at binding sites and advanced gradually from one binding site to another until the tip of the lead was reached.
Once abutting the myocardium a combination of traction and countertraction was performed and the lead was freed.
The procedural and clinical success definitions employed in this study were as defined in the NASPE 2000 Policy Statement(4). Procedural success was defined as complete or partial, and is identified for each lead extracted. Complete success was defined as the ability to remove "all lead material from the vascular space". Partial success was defined as "removal of all but a small portion of the lead; this may be the electrode, 4 cm or less of conductor coil, and/or insulation, or the latter two combined." Procedural failure is defined as "abandoning a significant length of lead (more than 4 cm) after attempted removal". Clinical success, defined as achievement of "all clinical goals associated with the indication for lead removal," was identified only once for each procedure. At a minimum, the clinical goals included: "resolution of the clinical indication for lead removal"; "absence of major complications and control of pacing status". Clinical failure was defined as the "inability to achieve all of the clinical goals" outlined above (4) .
DATA COLLECTION PROCEDURES
In each institution, a patient identification log was generated which included all lead extractions. Each patient was given a unique identifier. Each medical record was reviewed from admission to discharge and an initial Data Collection Form (DCF) was completed by a trained data collector. To reduce potential bias, a blinded trained second data collector then independently reviewed the medical record and completed a second DCF on a random selection of ≥10% of the medical records and 100% of the medical records of patients who had sustained an adverse event during hospitalization.
Definitions for major and minor complications (adverse events) are described in the NASPE 2000 Policy Statement (4) . A major adverse event (MAE) was defined as "any complication related to the procedure that required procedural intervention or transfusion to prevent death, threat to life, or any complication related to the procedure that resulted in death or serious harm to bodily function or structure". A minor adverse event was "any complication related to the procedure that required medical or minor procedural intervention to remedy or prolonged hospital stay or limited the patient's function but did not threaten life, cause death or cause serious harm to bodily function or structure".
The clinical events committee (CEC) reviewed all adverse events. The CEC members were blinded to all patient and site identifiers. The events were reviewed and adjudicated as Major or Minor and categorical relationships were defined in relation to 1) LALE procedure, 2) another procedure, or 3) pre-existing conditions. Within the preexisting conditions category, specific medical conditions or treatments were further evaluated for relationship to the event, including: sepsis, use of anticoagulants, renal insufficiency, and loss of biventricular pacing.
DATA ANALYSIS
Data analyses were conducted using the SAS system, version 9.1 (SAS Institute Inc., Cary, NC, USA). Descriptive statistics for continuous variables were expressed as mean, median, standard deviation and ranges. Discrete variables were expressed as frequencies and percentages. Proportions, such as implant duration category versus procedural/clinical success and procedural MAE versus center size, were compared using the chi-squared test. Fisher's exact test was used for small cell sizes (<5). Median implant duration of lead time for MAE versus those leads without MAE was assessed utilizing the Wilcoxon Rank Sum Test, due to lack of normality. All tests of significance were two-sided, with statistical significance set at p<0.05. In addition, surrogate modeling was performed for the duration of lead implant in patients who had more than one lead extracted. The longest duration of any lead with LALE was then used to represent the individual patient.
Multivariate logistic regression analysis was performed to determine predictors within 6 categories: 1) Clinical failure, 2) Procedural failure, 3) Procedural MAE, 4) Allcause in-hospital mortality, 5) All-cause in-hospital mortality in the infected population (DRE+ pocket infection), and 6) All-cause in-hospital mortality in the DRE population.
Predictors were selected from the previously conducted univariate analyses where the coefficients were significant.
Additional covariate relationships were analyzed, interaction/confounding testing was also performed to produce a predictive model at The indications for lead extraction in the study are presented in Table 2 . The most common indication for extraction was infection (56.9%, n=825) with 29.2% (n=423) related to DRE and 27.7% (n=402) due to pocket infections. Venous stenosis or occlusion was noted in 4.5% (n=65), and pain at the device implant or lead insertion site accounted for 0.8% (n=12). Non-functional leads represented 26.6% (n=386) and functional but abandoned leads represented 11.1% (n=161). Of the functional and non functional leads extracted the Medtronic Sprint Fidelis ® lead, with or without documented failure, contributed 2.5% (n=61) of the patients with 100% clinical and procedural success.
Overall, 2322 leads (96.5%) were completely and 56 leads (2.3%) were partially removed with a combined success rate of 98.8%. Clinical success was achieved in 1416 patients (97.7%). (Table 3) The multivariate model indicated that failure to achieve clinical success was associated (model likelihood ratio of p=0.0128) with patient body mass index (BMI) < 25 and when the extraction center volume was ≤ 60 cases over a period of 4 years. In contrast the multivariate model indicated that failure to achieve procedural success was associated (model likelihood ratio of p=0.0005) with lead implantation durations of ≥ 10 years and when the extraction center volume of extraction was ≤ 60 cases over a period of 4 years.
PROCEDURAL ADVERSE EVENTS
All-cause adverse events collected during the hospitalization included 63 major adverse events in 58 patients (4.0%), and 27 minor adverse events in 26 patients (1.8%).
Of these, 24 major events in 20 patients (1.4%) and eight minor events in eight patients (0.6%) were directly related to the lead extraction portion of the procedure. In addition, a total of 27 patients (1.86%) died during the index hospitalization of which four (0.28%) were deemed to be directly related to the extraction procedure. Table 4 lists all major and minor adverse events noted in the study. The multivariate model indicated that only patients with a BMI <25 (p=0.0132) were more likely to experience a procedural MAE related to the lead extraction procedure. Procedural MAE were not significantly associated with any other parameter as listed in 
DISCUSSION
We evaluated the safety and efficacy of laser assisted lead extractions using current indications based on the NASPE 2000 Policy Statement. Since the initially reported experiences which employed earlier editions of the extraction tools and largely represented the learning curve with laser extraction techniques, this consecutive patient experience represents the mature contemporary practice in multiple centers with varying degrees of experience. Each of the earlier studies addressed the efficacy and safety of the initial models of laser sheath. In this study, the modified SLS II sheath was employed, which has improved mechanical properties enhancing advancement over the lead.
Compared to previous studies, LALE was associated with higher procedural and clinical success and a similar procedural related major complication rate, but a lower procedural mortality rate. BMI<25 predicted procedural MAE and clinical failure, while renal insufficiency, diabetes, BMI <25 and presence of pocket infection or DRE were all independent predictors of all cause in-hospital mortality. The somewhat higher all-cause in-hospital mortality of 1.86% reflects the complex co-morbid conditions of this patient population, especially DRE.
The original PLEXES trial, a randomized prospective clinical trial, compared the first iteration of the 12-French SLS laser sheath to a non-laser cohort in 301 subjects with 465 chronic pacemaker leads(3). The procedural success in the laser group was 94% with an associated major complication rate of 1.96% compared to 64% success rate with the use of only locking stylets and nonpowered telescoping sheaths . The use of laser tools resulted in quicker lead extraction; 10.1 ± 11.5 min vs. with 12.9 ±19.2 min without laser (p , 0.04) (3). Subsequently, when the total initial experience of laser lead extraction in the United States was reported by Byrd et al on 2,561 pacing and defibrillator leads from 1,684 patients at 89 sites, the procedural success rate was 90% with a major complication rate of 1.9% with an in-hospital death rate of 0.8% (6) . Only implant duration independently predicted procedure failure and female gender was the only multivariate predictor of complications (5) . In agreement with the study by Byrd et al, we found that longer implantation duration was associated with procedural failure. In contrast with
Byrd et al, we found no association between gender and adverse events directly related to lead extraction; instead BMI <25 (underweight and normal weight) also predicted procedure related MAE. Additionally, in our study clinical or procedural failure was associated with low procedure volumes.
Device related infections continue to be the most common indication for extraction (2, 3, 6, 7) . Local infection at the pocket site has a variety of presentations including erosion, erythema, frank purulent discharge or wound dehiscence, which may be accompanied by pain. It is important to recognize and treat these local manifestations of infection promptly and effectively so as to prevent festering indolent infections which may lead to bacteremia and possible resultant endocarditis as these latter more serious sequela are associated with a higher mortality rate(6). In our study, although the in hospital mortality consequence of DRE was numerically larger, the less impressive manifestations of pocket infection were statistically not distinguishable from the DRE patients. While there is clear indication that the entire device system should be removed in the presence of systemic infection, there has continued to be some controversy regarding localized pocket infection. The NASPE 2000 guidelines stated that it was acceptable to remove the device and cut the exposed parts of the leads. Such a strategy is proving to be unsuccessful and puts the patient at risk of smoldering infection which could spread and increase the patient's risk of death (8) .
In this study, non-pocket infections, which presented as bacteremia, lead or valvular vegetations, and/or sepsis were defined as device related endocarditis. We elected to classify this group of patients as having DRE because when there is persistent bacteremia it is assumed that any intravascular device is seeded and therefore infected.
About half of all infections were classified as DRE, and these patients were older and had a higher rate of diabetes and renal insufficiency (defined as a creatinine ≥2.0). Despite the fact that the clinical success and MAE rates were similar to patients with no DRE, the risk ratio for all-cause in-hospital mortality in this group of patients was 4.8 times higher (4.3%). Patients with DRE and concomitant diabetes had a four times higher mortality risk (7.9%) and DRE plus renal insufficiency yielded a 6.3 times higher mortality risk (12.4%) . This is all compared to the mortality rate in patients without DRE (patients with either pocket infections or not infected) of 0.9%.
The literature reports DRE represents 10-23% of all device infections (8) (9) (10) .
DRE represented 51% of device infections in this analysis and is likely due to the broader definition employed in our study and the referral patterns of some study centers. This broader definition was chosen as the clinical implications of endocarditis, bacteremia and sepsis in the setting of a CIED are the same: each requires complete extraction of the CIED and prolonged antibiotic therapy.
Mortality rates of DRE treated medically with antibiotics alone are very high, as much as 66% in some series; this is compared to a strategy that employs device extraction where mortality in the literature is reported to be 13-21% (11) (12) (13) (14) . In our study the all-cause in-hospital mortality rate for the DRE population was 4.3%, 1.7% for pocket infection and 0.3% for all non infected patients. This emphasizes the seriousness of bacteremia and/or vegetations in patients with a CIED system, but also the seriousness of pocket infections. In such patients it is imperative to extract and remove the pulse generator, the active and abandoned leads and debridement of the infected pocket tissue.
In agreement with previous studies the presence of nonfunctional and abandoned leads was the second most common indication for extraction (2, 3, 15) . Extraction of leads in non-infected patients is considered controversial by some physicians, since there are alternative approaches. Non functional leads may be abandoned rather than extracted. As the duration of implant for devices and leads increases along with an aging population, a large number of leads become nonfunctional. These can either be extracted at the time of another planned procedure such as an upgrade, or be left to be extracted when there is no other choice, such as in the presence of infection.This may result in a large number of leads in any one patient which over time may pose an increased risk of complications.
Abandoned leads may also serve as a nidus for lead related endocarditis. In patients with device implants of more than 6 months, endocarditis usually resulted from bacteremia (18) . In this study we found that the success rate was high and the complication rate exceeding low for the removal of non-functioning leads. Extraction after some years of abandonment may be more difficult and be associated with increased risk. In this study there was a progressive increase in procedural failure with prolonged implantation duration. The cumulative rate was 0.75% at 5 years, 0.93% at 10 years, 1.2% at 15 years, 2.4% at 20 years and 10.9% at 25 years. Procedural failure was statistically increased when leads were implanted for >10 years. Extraction of leads may also be needed to establish and retain venous access if the target vein is occluded in a situation when there is a need for upgrade from a pacemaker (19) . In this study, extraction for this indication was also associated with a high success rate and low complication rate. When considering extraction for a non infection related indication it is very important to weigh the risks for a particular patient, including operator experience, against the risk of abandoning these leads. The decision to extract should be individualized and discussed in detail with the patient and family.
It is at this point where the consideration of center laser lead extraction experience is most important. Operator experience with laser lead extraction is important in determining clinical outcome. In this study, the small centers had a higher cumulative procedural MAE. A less experienced center (≤ 60 cases) was also associated with procedural and clinical failure. These findings are in agreement with prior studies demonstrating a significant learning curve for this procedure (20) . Therefore, centers should consider their extraction volume when deciding to perform this procedure and whether extractions should be referred to higher volume centers.
LIMITATIONS
The major limitation of this study is its retrospective nature. Although this study is a consecutive series, patients who did not undergo laser assisted extraction were not included. Therefore there could have been selection bias, but the bias was most likely to the most challenging clinical scenarios as laser assisted extraction is reserved for leads with ingrown tissue and inability to be removed with traction only. It is possible that the high success rate and low complication rates in this study are due to the very experienced centers and operators in this study. However, in the community these more challenging cases are usually referred to centers experienced in LALE Despite this limitation, the study is still valuable because it represents the current "real world" experience with LALE. Follow-up was limited in this study to hospital discharge or death. The study found a significant mortality in patients with DRE. A longer follow-up period would have been valuable in determining the ultimate outcomes in this patient population.
We only studied patients undergoing laser lead extraction. Other techniques are currently used. When compared to only countertraction sheaths, powered tools are much more effective as the results of the PLEXES trial revealed when this was compared to Laser powered sheaths. Electrosurgical dissection sheaths that use radiofrequency are also currently in use and achieve a much higher complete extraction rate than non powered countertarction sheaths 93% vs 73%. The electrosurgical powered sheaths also resulted in less time needed for complete extraction 9.6±6.2min vs. 21±9 min (20) .
A new Evolution Mechanical Dilator Sheath (Cook Medical) with a stainless steel bladed rotating tip has been recently introduced and described (21) . However the efficacy and safety has not been studied in a large patient population and has not been compared to standard tools. There have been no studies comparing the different powered tools to each other.
CONCLUSION
Transvenous laser assisted lead extraction, is highly successful with a low procedural complication rate for a wide range of indications. Device related infection was the most common indication for lead extraction and both device related endocarditis and pocket infections carry a substantial in-hospital mortality risk despite successful removal of the infected device and leads. Therefore an increased emphasis must be placed on 
